ABSTRACT
Introduction
Hodgkin's lymphoma through the past 50 years has been at the center of the development of modern oncologic therapeutics, and investigation [1] .
The incidence of Hodgkin's lymphoma shows marked heterogeneity with respect to age, gender, race, geographic area, social class and histological subtype [2] .
Hodgkin's lymphoma is listed as a rare disease by the office of rare diseases (ORD) of the National Institutes of Health (NIH). Worldwide prevalence rates vary, with more than 5.5 per 100,000 in Yemen and Lebanon and less than 1 per 100,000 in China and Japan. At least some of this variation appears to relate to the degree of industrialization [1] .
Notably, Hodgkin's lymphoma has 2 age-specific incidence peaks in developed countries: 15 -34 years of age and older than 50 years of age, although these peaks are composed mainly of different subtypes with nodular sclerosis pathology being predominantly represented in the earlier age peak and the mixed cellularity disease being predominant in the later age peak [3] .
Currently combination chemotherapy and radiation therapy are the standards of care for adults with limited-stage HL. Treatment usually consists of two to four cycles of ABVD chemotherapy followed by radiation therapy to the sites of initial disease involvement [2, 3] .
While Radiation treatment remains a key component in combined modality therapy for patients with early stage HL. Its use has been questioned due to late complications, including cardiac and pulmonary toxicities, secondary malignancy etc. Radiation toxicity is dependent on the irradiated volume and radiation dose [4] [5] [6] .
A recent review of relapses in patients treated with chemotherapy alone showed that most recurrences occurred in the initially involved lymph nodes [7] . With modern techniques, including better CT scan imaging, FDG-PET/CT scans and more accurate radiation technology, it is now possible to customize radiotherapy for each patient with accurate delivery of radiation to the initially involved volume while minimizing the radiation dose to normal tissues. The concept of involved field radiotherapy (IFRT) may now be replaced by the concept of involved-node radiotherapy (INRT), which only includes the initially involved lymph node(s). Better sparing of normal tissues is expected with the use of INRT compared with conventional IFRT provided that the initial tumor mass is not too large and involved lymph nodes are not too many [8] .
Early response to PET has been identified as a powerful prognostic tool in Hodgkin's lymphoma. Two prospective trials published recently evaluated the prognostic role of an early interim scan (PET 2) in Hodgkin's lymphoma patients after two cycles of conventional ABVD chemotherapy. Consolidation radiotherapy was delivered only to patients with bulky disease at presentation or residual disease. The 2-year progression-free survival for patients with positive PET 2 scan results was only 12.8% when compared with 95% for patients with negative PET 2 scan results. The PET 2 was the single significant prognostic factor predicting treatment outcome on multivariate analysis, surpassing the prognostic value of the international prognostic score [9, 10] leading the authors to conclude that four cycles of ABVD followed by 30 Gy of IFRT is the optimal therapy for earlystage, unfavorable Hodgkin's lymphoma [10] .
Aim of Work
To compare involved nodal radiotherapy technique treatment outcome versus involved field technique in early stage Hodgkin's lymphoma in terms of locoegional control, disease free survival and treatment morbidity. 
Patients and Methods

Eligibility Criteria
Work Up
Routine staging procedures included medical history; physical examination; computed tomography of the chest, abdomen, and pelvis; bone marrow biopsy (for unfavourable cases); CBC; serum chemistry and echocardiography.
Study Design
This study is a prospective randomized trial comparing the outcome of consolidation radiotherapy techniques either by using INRT or IFRT in the treatment of (stage I & II) supra-diaphragmatic Hodgkin's lymphoma.
IFRT was defined as radiation therapy fields that encompass the initially involved nodal regions only. This radiation therapy field is defined to cover the initially involved lymph nodes plus contiguous nodal groups. INRT is defined as radiation therapy to treat the initially involved lymph nodes only.
All eligible patients will be stratified according to the classic EORTC clinical prognostic factors into the unfavourable and favourable subsets as follows:  Unfavourable subset includes patients with: Clinical stage II with 4 or more nodal areas or an age of 50 or more years or mediastinal lymphadenopathy more than a third of the chest width or an ESR ≥ 50 (without B-symptoms) or ESR ≥ 30 (with B-symptoms).  Favorable subset: Includes all other patients with criteria not applicable to the unfavourable subset.
Primary Endpoints
 Progression-free survival (PFS).  Loco-regional control.
Secondary Endpoint
 Event free survival (EFS).  And late toxicity. The treatment of the first cycle should be given at a 100% dosage. Unless a life-threatening toxicity including infection occurs before day 15, full doses of ABVD will also be given on day 15 of the first cycle. If a life-threatening toxicity has occurred, treatment should be postponed for a maximum of two weeks and treatment should be resumed after decrease of the toxicity to grade 0, 1 or 2 with the day 15 schedule at full dose. When life-threatening toxicity persists or only decreases to grade 3 beyond two weeks, treatment is stopped and the patient will be excluded from the study because of intolerance to treatment.
Radiotherapy
IFRT Arm is implemented using the definitions and guidelines of Noordijk and Yahalom [11, 12] .
INRT Arm is carried out with the recommendations of EORTC-GELA radiotherapy group of H 10 and GHSG HD 17 study with adjustment according to our facilities [13] [14] [15] .
General guidelines for both arms:  Patients must be examined by the radiation oncologist before chemotherapy.  All patients must have pre-and post-chemotherapy cervical and thoracic CT scans (axillary lymph node areas must be clearly visible on thoracic CT scans).  CT scans should be performed in the treatment position as well as the pre-chemotherapy PET-CT, which can help pinpoint previously undetected involved lymph nodes.  CT simulation, 3D-conformal radiotherapy, and immobilization devices are strongly recommended for proper implementation of involved node radiotherapy.  The remission status after chemo-therapy should be determined for each initially involved lymph node exclusively using CT scans. Complete remission (CR) is defined as the complete disappearance of clinically and/or radiologically detectable disease. A complete remission unconfirmed (Cru) is defined as at least a 75% decrease in tumor size. A partial response (PR) is at least a 50% decrease in tumor size. Failure is less than a 50% decrease or any increase in tumor size.  Radiotherapy should start within 3 -4 weeks after the end of the last chemotherapy course. The prescribed dose is 30 Gy with a boost of 6 Gy to areas with residual disease.  The Gross Tumour Volume (GTV) (In case of partial remission) represents the lymph node remnant(s) and should be contoured first in such condition.  The Clinical Target Volume (CTV) is the initial volume of the lymph node(s) before chemotherapy. In other words, the CTV incorporates the initial location and the extent of the disease and takes into account the displacement of normal structures. In case of a CRu with a visible lymph node remnant, the lymph node remnant should be included.  The Planning Target Volume (PTV) is the CTV with a margin to take into account organ movement and set-up variations. In most situations, a 1 cm safety margin is considered adequate. The PTV must receive 30 Gy. For patients in partial remission initial PTV must receive 30 Gy and the boost to the PTV must receive an additional dose of 6 Gy.
Evaluation of Response and Follow-Up
Patients are monitored during therapy by physical examination, chest X-ray and routine blood tests. Computed tomography scans are performed 2 weeks after the last chemotherapy cycle and are followed by radiotherapy. The final restaging will be conducted 8 weeks after the end of radiotherapy. Patients then will be observed at 3-month intervals during the first year, every 4 months in the second year. Freedom from treatment failure is defined as the time from the start of radiotherapy to the first of one of the following: Progressive disease (defined as appearance of new lesions or B symptoms, or an increase in any lesion of 25% in the largest diameter under treatment or within 3 months after the end of treatment). Relapsing disease (defined as appearance of new lesions or as reappearance of initial lesions or B symptoms after a period of at least 3 months of complete remission).
Statistical Methods: Data management and analysis were performed using Statistical Package for Social Sciences (SPSS) version 17. Numerical data were summarized using means and standard deviations. Categorical data were summarized as percentages. Comparisons between the two groups with respect to numeric variables were done by Mann-Whitney test, a nonparametric test equivalent to the Student's t test. The chi-square test or Fisher's exact test was used to compare between the groups with respect to categorical data. Progression free survival time was estimated using the methods of Kaplan and Meier. Differences between survival curves were assessed for statistical significance with the log-rank test. All p-values are two-sided. p-values < 0.05 were considered significant.
Results
This study is a prospective randomized trial comparing the outcome of consolidation radiotherapy techniques either using INRT or IFRT in the treatment of stage I & II supra-diaphragmatic HL.
Starting from September 2009 till January 2012, 35 patients attending to Kasr Al-ainy Centre of Clinical Oncology, Cairo University, representing all stage I -II supra-diaphragmatic Hodgkin's lymphoma referred to our Centre during this period of time were included. Sixteen patients were included in the INRT arm and 19 patients in the IFRT arms.
Patient's Characteristics
The patient characteristics are demonstrated in Table 1 .
Regarding international prognostic score (IPS) patient related factors applicable to early Hodgkin's lymphoma which include: age, ESR, LDH, total leucocytic count, hemoglobin, lymphocytic count and serum albumen were determined for both arms and was higher for the IFRT arm with a maximum score of 4. On statistical comparison of both arms the p-value was 0.006 as demonstrated in Table 2 .
Performance status at presentation was also determined for both groups with no significant difference between them (p = 0.713).
Treatment Outcome
All patients underwent CT scan assessment of the sites of the initial disease before the third cycle and after ending the fourth cycle of chemotherapy and 4 -6 weeks after 
radiotherapy and then during routine regular follow-up. The response rate to chemotherapy is expressed in Table 3 .
Radiation therapy dose was determined depending on response. Patients in CR & CRu received 30 Gy/15 F/3 weeks while patients with PR received an additional boost of 6 Gy to residual disease. This approach is applied for either group.
The response rate after ending radiotherapy is summarized in Table 4 .
After a median follow-up of 25 months (ranging from 12 to 48 months) relapses in both arms were a total of five cases. One case in the INRT and 4 in the IFRT arm. Regarding relapsing cases all of them relapsed in the initially involved sites before starting treatment.
The 2 years progression free survival for the INRT group is 91.7% and for the IFRT group it is 83.6%, with no statistically significant difference between both groups as represented in Figure 1. 
Toxicity
Patients of both arms where assessed for toxicity according to the Common Terminology Criteria for Adverse Events (CTCAE), version 3.0. The most frequently occurring toxicities included skin changes, dysphagia, mucositis, laryngeal toxicity, and pulmonary symptoms suggesting radiation pneumonitis. No statistically significant difference could be seen between both arms as regards skin (p = 0.115), dysphagia, (p = 0.728) or dysphonia (p = 0.830) while for radiation pneumonitis 5 cases were reported of a total 14 patients receiving mediastinal irradiation. Of these cases 1 patient was in the INRT arm and 4 patients were in the IFRT arm with a p value equal to 0.58. None of the toxicities encountered in this trial were higher than grade II.
Dose to Organs at Risk
The reduction of PTV volume from IFRT to INRT resulted in reduction of the volume of included risk structures which is expressed in Table 5 . As an example the dose to both lungs is reduced with a statistically significant reduction in V1, V5 and V20 on comparing both treatment arms as shown in Table 6 .
Also, reduction of exposure for both the left and right breasts was found in V1 and D50% with a statistically significant p-value as shown in Table 7 .
Regarding, dose distribution to the heart there was no statistically significant difference between both groups. The thyroid gland exposure was reduced in the V1 and V5 in the INRT arm as shown in Table 8 .
In general, to sum up matters median volumes of radiation exposure in the INRT group of patients was smaller than that in the IFRT group with the added benefit of reduction of overall radiation toxicity.
Discussion
A combined treatment modality is currently the state of art in the management of early Hodgkin's lymphoma. A treatment success of 80% to 90% was achieved using chemo-radiotherapy and was confirmed by many phase III trials as well as a meta-analysis [3, 16, 17] .
In spite of the recognized role of radiation therapy in the treatment of Hodgkin's lymphoma and its impact on both progression free and overall survival many of the current clinical trials aim to either omit or minimize radiotherapy dose or volume with the intention to decrease the potential incidence of late radiotherapy toxicity including mainly carcinogenesis and cardio-vascular events. The rationale for involved node radiation therapy is to further improve the therapeutic ratio, to reduce radiotherapy-induced morbidity in patients with limited-stage Hodgkin's lymphoma treated with chemo-radiotherapy while maintaining the excellent disease control achieved by conventional IFRT. This is based on the observation that after chemotherapy alone, most relapses of HL occur in the previously involved nodes; therefore, it has been extrapolated that the addition of INRT should be equivalent to IFRT in preventing local relapse while regional control will be accomplished by systemic chemotherapy [18] .
Expert opinions in this regard can be sharply divided, especially in the approach to early stage, non-bulky disease and outcomes with radiotherapy omission are partly contingent upon the adequacy of the preceding chemotherapy [19, 20] .
In the EORTC-GELA H9-F study for early favorable Hodgkin's lymphoma investigating reduction or omission of IFRT following complete remission to EBVP (epirubicin, bleomycin, vinblastine, and prednisone), no differences were seen between 20 and 36 Gy radiation on interim analysis [21] . However, the no-RT arm was closed due to excess relapse [21] .
Wherever the role of RT is questioned, consultation with a radiation oncologist early in the treatment course is encouraged in order to have an informed discussion of risks versus benefits. Whether in limited or advanced Hodgkin's lymphoma, clear subsets of patients do benefit from the addition of radiotherapy. However, more accurate identification of such patients is needed. Whether interim 18F-FDG PET can help to distinguish these subsets of patients is the focus of ongoing trials [9, 10] .
Radiotherapy as a component of combined treatment modality was prospectively studied in a single clinical trial conducted at the British Colombia cancer center. In this trial 325 patients with limited-stage Hodgkin's lymphoma, diagnosed between May 1, 1989 and April 1, 2005, were treated with chemotherapy and radiation therapy following era-specific guidelines: Extended field radiotherapy (EFRT) until 1996; involved field radiotherapy (IFRT) from 1996 to 2001; involved nodal radiotherapy (INRT) from 2001 to 2005. INRT defined as the pre-chemotherapy nodal volume with margins up to 5 cm to account for physiological movement, set-up variation, and the limitations of conventional simulation techniques [22] . The distribution of cases among the three radiation therapy groups were EFRT, 39%; IFRT, 30%; and INRT, 31%. Median follow-up of living patients was 80 months. Median time to relapse was 37 months. Twelve relapses occurred: four after EFRT (3%); five after IFRT (5%); and three after INRT (3%). No marginal recurrences occurred after INRT. At 5 years, progression-free survival (PFS) was 97%, and overall survival (OS) was 95% [22] . These results are similar to ours regarding relapse rate and disease free survival.
Regarding acute toxicity in our study no difference was found between the INRT and IFRT arms resulting from irradiation of upper airway, oral cavity or the pharynx. On the other hand, radiation pneumonitis incidence was higher in the IFRT arm for those receiving mediastinal irradiation. The reduction of included lung volume results in consequent reduction of lung toxicity in Hodgkin's lymphoma patients in the INRT group.
A study proposed by Amy M. et al. identified 75 patients with newly diagnosed HL treated with mediastinal RT (IFRT) and 17 patients with relapsed/refractory HL treated with mediastinal RT (IFRT) before or after transplant. Lung dose volumetric parameters including mean lung dose and percentage of lungs receiving 20 Gy were calculated. Radiation pneumonitis developed in 7 patients (10%) who received mediastinal RT as a part of initial therapy. A mean lung dose of 13.5 Gy or greater was a predictor of radiation pneumonitis (p = 0.04) and a 33.5% of lung volume receiving 20 Gy or greater significantly predicted for radiation pneumonitis (p = 0.009) [23] .
Regarding Second malignancy and cardiac toxicity they are the most concerning of radiation-induced late morbidities, constituting the most common causes of non-lymphoma death in long-term Hodgkin's survivors [24] .
Clinical studies had demonstrated that reducing the radiotherapy field size from EFRT to IFRT decreases the incidence of secondary malignancies. A meta-analysis of 10 randomized studies found that breast cancer risk was significantly higher in survivors of Hodgkin's lymphoma treated with EFRT compared with IFRT (odds ratio 3.25, p = 0.04) [25] .
Researchers predict that reducing supra-diaphragmatic radiotherapy fields from EFRT to IFRT reduces the excess relative risk of breast and lung cancers in females by 65% and lung cancers in males by 40% [26] .
The use of the INRT concept in our study resulted in reduction of mean radiation volumes from 683 cm 3 in IFRT to 217 cm 3 and this reduction was statistically significant (p = 0.009).
A trial Based on 20 computed tomography datasets of patients with early unfavorable mediastinal Hodgkin's using same definitions of IFRT and INRT found that [27] . The reduction of radiation volume from IFRT to INRT across different trials and in this current study is associated with the added benefit of minimizing the radiation acute and late effects.
Moreover, the dose to risk organs in all published dosimetric analyses using INRT with conventional 3D techniques is associated with significant reduction of lung, breast, heart and thyroid gland radiation exposure which was noticed in both high dose and low dose regions particularly for the lungs and breasts. Interpretation of dosimetric plan comparison results may be limited by the use of different planning systems and different dose algorithms when comparing dosimetric results of different planning studies and this is particularly evident when comparing low dose exposure [27] [28] [29] .
In our study the lung and breast doses in the case of mediastinal irradiation only cases showed a statistically significant difference between both groups. Lung doses including V1, V5, V20 were all significantly reduced in the INRT arm (p = 0.02), both breasts showed reduction in dosimetric parameters which were most obvious for V1 and D 50%. Moreover, the dose reduction observed for the right breast was more compared to the left breast coinciding with other published data [27, 29] .
The reduction of heart doses in our study inspite of being numerically evident was not statistically significant in our series (p = 0.5).
Lastly, regarding the thyroid gland in our study there was evident reduction of the low dose values in the INRT arm (p = 0.01) but not for the high dose regions (p = 0.8).
Conclusions
As yet there are no large datasets validating the use of involved nodal radiotherapy; these guidelines will emerge from the current generation of clinical trials.
Radiotherapy remains the most effective single modality in the treatment of Hodgkin's lymphoma. A reduction in both treatment volume and overall treatment dose should now be considered to minimize the risks of late sequelae. However, it is important that this is not at the expense of the excellent disease control currently achieved.
Close attention to radiotherapy technique is critical. This must include imaging protocols, effective immobilization, and outlining and treatment reproducibility. Verification is also essential.
